A mathematical model is envisioned for the nanofluid flow containing carbon nanotubes (CNTs) with ethylene glycol as a base fluid in a rotating channel with an upper permeable wall. However, the lower one is moving with a variable velocity to instigate centripetal forces and forced convection accompanied by Coriolis with the fluid's rotation. The uniqueness of the proposed model is supplemented by adding the Cattaneo-Christov (C-C) heat flux's impact with thermal stratification. The behavior of singlewalled carbon nanotubes (SWCNTs) and multi-walled carbon nanotubes (MWCNTs) is analyzed between two rotating plates. The rotation of the fluid causes the lower plate to move with variable velocity thus producing forced convection with Coriolis and centripetal impact, nevertheless, the upper plate is porous. The well-suited transformations are employed to obtain the dimensionless governing equations' system. Thermo-physical characteristics of the ethylene-glycol and CNTs of both types are utilized to accomplish the numerical solution by MATLAB's function bvp4c. Sketches of arising parameters versus all distributions defined in the problem are drawn and are well conversed. It is noticed that the two velocities show the opposite trend for the nanoparticle volume fraction. It is further noted that the temperature of the fluid is diminished when the values of the thermally stratified parameter are enhanced.
I. INTRODUCTION
Nanofluid is a uniform dispersion of nanoparticles having a size of nanometers in a base fluid. It is an accepted fact that base fluids possess low thermal conductivity and do not meet essential cooling/heating rates. To surmount this hurdle nanoparticles are injected in the base fluids. The nanofluid impressively improves the heat transfer features of the base fluids and are being used at large in numerous industrial applications like nuclear reactors, manufacturing paper, chemical industry, fuel cells, cooling of vehicles, domestic refrigerators, etc. That is why the subject of heat transfer in nanofluids is of remarkable interest for the scientists and researchers. The notion of nanofluid was first floated by The associate editor coordinating the review of this manuscript and approving it for publication was Chaitanya U. Kshirsagar. Choi and Eastman [1] and revealed that the thermal traits of the base fluids are tremendously enhanced once nanoparticles are inserted into them. Following this pioneering effort, implications of nanoparticles addition in the fluid's flow are discoursed by many researchers. Kang et al. [2] corroborated discussed Choi's result experimentally. The flow of secondgrade nanofluid is deliberated by Ramzan et al. [3] . They employed optimal HAM to obtain results in the form of series solutions. Shekholeslami et al. [4] acquired a numerical solution of nanofluid in the occurrence of a magnetic field by utilizing the lattice Boltzmann scheme. Ramzan et al. [5] highlighted the analytical solution via HAM of 3D couple stress MHD nanofluid with zero mass flux and convective heat condition. Ramzan et al. also [6] introduced the flow of Jeffery nanofluid flow past a linearly stretched surface with heat and mass convective boundary conditions. Maria et al. [7] debated the thermal radiation effect with the convective flow of carbon nanotubes. Scientists are now involved in different discussions of nanofluid in many prospects [8] - [11] .
Carbon nanotubes (CNTs) are the tube-shaped hexagonal arrangement of carbon atoms and have distinctive characteristics of excellent thermal conductivity, resistance to corrosion, and tremendous strength [12] . CNTs hold useful applications such as microwave amplifier, chemical sensors, pharmacogenomics, optics, and nanotubes transistors [13] - [15] . SWCNTs and MWCNTs are two subclasses of carbon nanotubes. The concept of CNTs is pitched by Iijima [16] in 1991. Following the scheme introduced by Krastschmer and Huffman, Iijima gave the concept of MWCNTs. Subsequently, in 1993, Bethune et al. [17] evoked the notion of SWCNTs. SWCNTs have a diameter of 1nm, however, MWCNTs comprise of 2 to 50 CNTs with a gap of 0.34 nm. Copious investigations may be quoted in the literature discussing several features of CNTs. Amongst these Akbar and Khan [18] deliberated the CNTs suspended nanofluid flow with magnetohydrodynamics near a stagnation point past a stretched surface. They examined that velocity of the fluid improves as nanoparticles' volume fraction increases. The rotating nanofluid flow with CNTs accompanying MHD and thermal radiation are studied by Shah et al. [19] . They found that velocity is decreased versus augmented estimates of the magnetic parameter. Ramzan et al. [20] numerically examined the aqueous-based nanofluid with CNTs past a vertical cone in the presence of bio-convection and thermal radiation. They conclude that the density of the motile organisms is declined once values of the bio-convective parameter are enriched. The optimization of entropy generation in the flow of thin-film nanofluid with CNTs with variable source/sink and C-C heat flux is inspected numerically by Lu et al. [21] . Taseer et al. [22] considered aqueous-based nanofluid flow with CNTs in a Darcy-Forchheimer medium past a bi-directional stretched surface with convective boundary conditions. Three-dimensional unsteady nanofluid flow with suspended CNTs of both kinds is studied in attendance of quartic chemical reaction and thermal radiation is examined numerically by Kumar et al. [23] . Some more studies featuring CNTs are given at [24] - [28] and many therein.
The procedure of heat transfer is required every time there is a change in temperature amongst the boundaries or between the parts of a similar body. Heat transmission has various applications either industrial or engineering which include energy production, the transmission of heat in tissues, pasteurization process of food, fuel cells and for cooling the atomic reactor. Fourier's [29] devised work, because of its multiple applications, was taken as the most effective model which has been employed as a yardstick for many years. Anyhow, this model did have a weakness that often it led to an equation of parabolic energy which specified that trouble in the beginning, was instantly met by the medium under attention. Cattaneo [30] addressed this irregularity in the Fourier's law which was called ''Paradox in heat conduction'' when he inserted the relaxation time. It is seen that this alteration creates the hyperbolic energy equations and makes it possible for the heat to be transferred through the transmission of thermal waves with limited speed. This is followed by an effort by Christov [31] to upgrade the Cattaneo's model and nowadays it is characterized as C-C heat flux model. Afterward, Hayat et al. [32] anticipated the effect of C-C heat fluidity on Darcy-Forchheimer flow with a constant density of third-grade liquid and variable conductivity. They reported that velocity of the fluid declines for higher values of Forchheimer parameter. The model of time-dependent squeezing CNTs based nanofluid flow with homogeneousheterogeneous reactions and C-C heat flux between two parallel disks is examined by Lu et al. [33] . Alamri et al. [34] analyzed the importance of C-C heat flux in the second-grade fluid flow over a stretching cylinder. They reported that larger estimates of relaxation parameter cause temperature to rise. The impacts on heat transfer by the addition of relaxation time in C-C heat flux model to achieve the equilibrium state in a Tangent hyperbolic fluid flow with second-order slip is conversed by Ramzan et al. [35] . They noted that the velocity of the fluid is influenced by the Weissenberg number. Carbon nanotubes based nanofluid flow with Darcy Forchheimer impact associated with C-C heat flux is examined analytically by Ramzan and Shaheen [36] . It is revealed by them that fluid's temperature boosts with enhanced estimates of thermal relaxation parameter. Ali et al. [37] numerically scrutinized the MHD Carreau nanofluid flow with C-C heat flux and chemical reaction near a stagnation point. They concluded that fluid's velocity is declined once the strong magnetic field is applied. Some more recent significant explorations highlighting C-C heat diffusion may be found at [33] , [34] , [38] , [39] and many therein.
The above literature survey discloses that flow of nanofluid comprising CNTs of both types with ethylene glycol as base fluid and impact of C-C heat diffusion between two rotating parallel plates is not discussed in the literature yet. The present investigation aims to fill in this gap and address the problem of C-C heat diffusion with thermal stratification in a rotating channel in which upper plate is absorbent and the lower one is moving with a variable velocity. The arrangement of the subsequent sections is like in the next section, a complete picture of the mathematical model with the equations governing the model is given. This is followed by the detail of the numerical technique employed to address the modeled problem. Then a detailed discussion about the results obtained from numerous graphs and tables that are formed numerically. In the end, a gist of the whole scenario is given.
II. MODELING OF CONSTITUTIVE EQUATIONS
Let's consider an incompressible ethylene glycol flow comprising CNTs of both kinds (SWCNTs and MWCNTs) in a rotating frame moving with an angular velocity = [0, , 0] between two parallel plates. The upper wall is moving with Fig. 1 .
For rotating flow, the momentum equation is given as:
The components 2 × V and × ( × r) are the Coriolis force and the centripetal force at right angle to and × ( × r) respectively. In component form, the equations are described as follows:
where p * = p − 2 x 2 2 is the modified pressure, the nonappearance of ∂p * ∂z shows the net cross flow in z-direction. The equation representing heat transfer phenomenon is stated as:
The heat flux satisfies
Abolishing q from (6) and (7) following Christov [31] uT
The CNTs and nanofluids characteristics are given by: 
where, µ f is the dynamic viscosity of base fluid, α nf is thermal diffusivity, k nf is the thermal conductivity and ϕ is the nanoparticle volumetric fraction. The subscripts CNT, nf and f are used for carbon nanotubes, nanofluid and base fluid respectively. The accompanying boundary conditions to the presented model are:
Here, ν 0 is the uniform velocity at the upper wall with suction given by (−ν 0 > 0) and injection represented by (−ν 0 < 0). Assuming the subsequent similarity transformations and removing the pressure gradient.
III. SIMILARITY TRANSFORMATIONS
Engaging the subsequent similarity transformations:
Here, η is the variable of similarity. In dimensionless structure, the above governing equations are reported as:
The pertinent boundary conditions are:
where A 2 is rotation parameter, A 1 is Reynold's number, ε 3 ratio of thermal conductivities, S 1 is thermal stratification parameters and S is Suction/injection parameter.
IV. VARIABLES OF ENGINEERING INTEREST
The drag surface and the heat transfer rate in dimensional form are:
Dimensionless drag force's components and the heat transfer rates at the lower and upper wall are stated as:
At the lower wall (20)
where Re x = xU w /ν f .
V. APPLIED NUMERICAL SCHEME
To solve the present problem, equations (14)-(16) with the mentioned boundary conditions (17) are converted into a set of first-order differential equations by employing MATLAB bvp4c to develop the numerical code. The subject numerical scheme requires initial estimation with tolerance 10 −6 . The initial approximations undertaken must satisfy the boundary conditions without disrupting the solution technique. f iv = yy 1 , yy 1 = −A 1 ε 1 y 2 2 − y 1 y 3 + 2A 2 ε 1 y 6 , g = y 5 , g = y 6 , g = yy 2 ,
with the boundary conditions: y 1 (0) = 0, y 5 (0) = 1, y 7 (0) = 1 − S 1 , y 2 (0) = 1, y 1 (1) = S, y 5 (1) = 0, y 8 (1) = 0, y 2 (1) = 0, (23)
VI. OUTCOMES WITH ARGUMENTS
This segment is devoted to examine the behavior of the velocities f (η), g(η) and the temperature θ (η) versus various VOLUME 7, 2019 emerging physical parameters like S, S 1 , A 1 , and A 2 . The problem is addressed numerically via bvp4c MATLAB software. The results are acquired for two distinct types of carbon nanotubes. Figures 2 and 3 are sketched to witness the relevance between both velocities and the nanoparticle volume fraction ϕ. An opposite behavior of ϕ against two velocities is seen. It is comprehended that velocity is enhanced for f (η) in case of both CNTs. However, it changes more rapidly in case of SWCNTs in comparison to MWCNTs. To see the trend of both velocities versus suction/injection parameter S, figures 4 and 5 are drawn. It is comprehended that increase in velocities is observed for S. It is noticed that velocity in the middle is more dominating in comparison to the neighborhood of the upper and lower plates. It is also understood that for S > 0, the highest velocity is marginally moved towards the lower plate but an opposing trend is seen near the upper plate for S < 0. Figures 6 and 7 are sketched to witness the behavior of A 1 on both velocity profiles. It is perceived from figure 6 that the velocity's behavior is shifting from growing to decreasing at the mean position of the plates and this all happens when we stretch the lower plate. A consistent decline in the velocity is observed versus higher estimates of A 1 in figure 7 . When the lower plate is in a stagnant position, the velocity will be consistent at the center of the plates but with escalating values of A 1 , velocity is transferred in the direction of the lower plate. In figures 8 and 9, the behavior of A 2 versus both velocities is demonstrated. It is chronicled from figure 8 that change in the velocity is two-folded in nature within the restricted domain. In the domain 0 ≤ η ≤ 0.5, the velocity is decreasing nevertheless it shows a reverse trend in the domain 0.5 ≤ η ≤ 1.0. It is further comprehended that velocity in the upper half of the domain is more dominating in comparison to the lower half. The thermal stratified parameter S 1 impact on temperature profile is depicted in figure 10 . It is understood that temperature of the fluid is decreased for mounting values of S 1 . Larger values of S 1 means decrease in temperature difference amid the lower and the upper plates in the channel. That's why fluid's lower temperature is witnessed for rising S 1 . Tables 2 and 3 expound the comportment of the skin shear stress and the rate of heat transfer for the numerous values of S and ϕ by fixing A 1 and A 2 for η = 0 and η = 1 in case of both types of CNTs. It is noticed that drag force behavior for SWCNTs is analogous to that of the MWCNTs for injection/suction and rotation parameter. For larger values of ϕ and for S = 0, ≤ −1, the Drag force coefficient is increased and decreased near the top and bottom of the wall respectively.
VII. CONCLUSION
In the presented work, we have deliberated the flow of CNTs (SWCNTs and MWCNTs) suspended nanofluid with ethylene glycol base liquid between two infinite plates by using bvp4c MATLAB software. The impact of C-C heat flux and thermal stratification boundary condition is also anticipated. The effects of some pertaining non-dimensional physical parameters on involved distributions are presented through the graphical illustrations. Also, the impact of distinct parameters on the Skin friction coefficient is presented through tables. The salient features of the current investigation are appended as follows:
• An opposite behavior of nanoparticle volume fraction ϕ against two velocities is detected.
• The velocity field is an escalating function of suction/ injection parameter.
• The temperature of the fluid is diminished when the estimates of the thermal stratified parameter are increased.
• For higher values of ϕ and for S the Drag force coefficient show opposite trend at the top and bottom of the wall respectively for both CNTs.
